The preoperative fine-needle aspiration cytology (FNAC) diagnoses in 116 surgically excised neurilemomas were reviewed and compared with the corresponding histopathologic diagnoses made on surgical specimens and with clinical data. In addition, the utility of adjunctive techniques was analyzed and other spindle-cell lesions in the differential diagnoses were discussed. An unequivocal, benign diagnosis was rendered by FNAC in 80 cases, 67 of which were correctly labelled as neurilemoma in a review of the original cytology reports. There were six false positive malignant diagnoses while 23 smears were considered insufficient and seven inconclusive as to whether benign or malignant. On reevaluation, the diagnostic smears in most cases contained spindle cells with wavy nuclei embedded in a fibrillar, occasionally collagenous and/or myxoid matrix and Antoni A /Antoni B tissue fragments. A moderate to abundant admixture of round to oval cells was also frequent. Nuclear palisading was seen in 41 smears with distinctive Verocay bodies in 10. Markedly pleomorphic nuclei were seen in smears from eight ancient and six conventional neurilemomas, and slight to moderate nuclear pleomorphism was observed in 38 additional cases. Thus most neurilemomas have distinct cytomorphologic features that allow correct diagnosis. The major problem in FNAC of neurilemoma is to obtain sufficient material. Furthermore aspirates showing predominantly Antoni A features, nuclear pleomorphism and/or myxoid changes can easily be confused with other types of benign or malignant soft tissue tumors.
Introduction
Neurilemoma, a spindle cell neoplasm of nerve sheath origin is the most common benign lesion arising from the peripheral nerves. In the files of our institution, neurilemoma is after lipoma, the second most common benign soft tissue neoplasm examined cytologically.
Although fine needle aspiration cytology (FNAC) is gaining increasing popularity in the diagnosis of soft tissue lesions, limited data dealing with the FNAC of neurilemomas are available. The diagnosis may be difficult to render from FNA smears, as neurilemomas share some features with other spindle cell lesions [1] [2] [3] [4] [5] [6] [7] [8] .
Neurilemomas occur in all age groups, but most frequently between 20 and 50 years. Most are deeply seated, arising in the limbs, head and neck region, retroperitoneum and posterior mediastinum [9] .
Many patients have minor symptoms from a neurilemoma and pain after surgery can be more pronounced than it was before operation. With a reliable diagnosis conservative treatmentwatchful waiting can be therefore recommended in many cases. When an excision of the lesion is considered necessary, a correct diagnosis helps the surgeon to plan surgery so as to avoid neurological sequelae.
The aim of the current study was to establish cytological criteria that permit a confident diagnosis of neurilemoma in FNA smears and to compare the cytologic features of neurilemoma to those of other spindle-cell lesions that constitute differential diagnoses.
Another objective was to identify pitfalls and elucidate diagnostic difficulties, particularly in cases misdiagnosed as malignant neoplasms.
Material and methods:
In our institutional files there were 116 patients with neurilemoma who had been examined by FNAC between 1979 and 2005, and for whom histopathologic diagnoses on excised lesions were available. One patient with cellular neurilemoma in the mediastinum and four cases without available cytological slides were excluded.
All palpable lesions were aspirated by cytopathologists, while non-palpable lesions were aspirated by radiologists or a radiologist together with a cytopathologist. Needles having an outer diameter of 0.4-0.7mm (cytopathologists in the FNA clinic) or 0.6-0.8mm (radiologists in the Department of Radiology) attached to a disposable syringe and the Cameco (Täby, Sweden) syringe holder was used in the standard manner. The aspirates were air dried and May-Grünwald-Giemsa (MGG) stained as well as fixed in 95% ethanol and stained with hematoxylin and eosin (H&E). Portions of the aspirates from two patients were prepared as a cell block or in solution (ThinPrep, Cytyc Corp, Boxborough, MA) for direct routine microscopy. In addition, portions of aspirates from 15 patients were prepared for immunostains as cell blocks (6), ThinPrep (6), cytospin (2) and direct smear (1). Antibodies against S-100 protein, epithelial membrane antigen (EMA), CD34, smooth muscle actin (SMA) and desmin were used. For the purpose of this study all cytological and histologic material obtained from the neurilemomas was re-evaluated.
Results:
There were 56 men and 60 women ranging in age from 13 to 83 years. The sizes of the lesions ranged from one cm to 20 cm. The neoplasms were seated in the lower extremities (46), upper extremities (28), head and neck (18) , chest (10), pelvis and retroperitoneum (4), soft tissue of the sacral region (3), shoulder (2), gluteal region (2), mediastinum (1), groin (1), and abdominal wall (1) . The histologic diagnosis in excised neoplasms was neurilemoma in 105 cases and ancient neurilemoma in 11. The overall accuracy of the FNAC diagnoses is presented in Table 1 . The cases erroneously diagnosed as malignant are presented in Table 2 and a subset of benign diagnoses in Table 3 .
Ancillary studies
Tumor cells were positive for S-100 in 12 of 15 examined smears ( Figure C-1) . In two aspirates prepared as ThinPrep and in one as cytospin the results of immunostains were inconclusive due to insufficient or very sparse material. In addition one cell block and one ThinPrep slides were stained only with Hematoxilin & Eosin for microscopic examination.
Cytological features (At re-evaluation)
Of 116 aspirates 46 were richly, 19 moderately, and 24 poorly cellular. In 27 cases, the smears were insufficient for cytlogic evaluation. hyperchromatic nuclei and variable nuclear shape/ irregular nuclear borders were also found in eight smears. One nucleus showed markedly increased chromatin density with marked hyperchromasia, while moderate hyperchromasia was noted in pleomorphic cells in eight additional smears. Intrauclear inclusions-"Kern-loche" (described by Dahl et al. 8 ) were identified in eight of nine cases. While a fibrillar matrix was found in all aspirates, fragments of collagenous matrix were seen in five and focal myxoid areas in only four aspirates.
Compared to conventional neurilemomas, only three aspirates from ancient neurilemomas revealed nuclear palisading and Verocay bodies were not seen in any cases. The frequency of cytological findings in the aspiration smears of conventional and ancient neurilemomas is presented in Table 4 .
False positive malignant FNAC diagnoses:
There were six false positive malignant cytological diagnoses; five aspirates were diagnosed as sarcoma and one as metastasis of adenoid cystic carcinoma (Table 2) . Histological sections from one neoplasm were also diagnosed originally as low-grade malignant peripheral nerve sheath tumor (MPNST). All six neurilemomas erroneously diagnosed as malignant were deeply seated in the lower extremity (3), upper extremity (2) or neck (1) and ranged in size from 1.5 to 20cm. In two patients with false positive cytological diagnosis, aspiration biopsy was performed at another hospital and smears were sent to our institution for second opinion.
Discussion
Although neurilemomas are common benign soft tissue neoplasms, experience in the aspiration cytology of these lesions is still limited.
Many neurilemomas are tender and painful when needled, occasionally with a sharp pain radiating along the nerve. Thus the pain may be a valuable diagnostic sign, but can also be misleading as the same sign may be encountered in the aspiration of other soft tissue lesions seated close to a nerve. Nevertheless, in our series there was history of pain or tenderness in 37 patients.
One of the main reasons that neurilemoma may be difficult to diagnose from cytological smears is the high frequency of poor cellularity or lack of cells, particularly from cystic degenerated lesions [5, [10] [11] . In our study of 116 cases, 27 aspirates were insufficient for diagnosis and an additional 24 were cell poor but considered evaluable. According to the cytology reports, the aspirates in 22 cases contained fluid, indicating cystic degeneration of the examined neoplasms. Eight aspirates from cystic neurilemomas were insufficient for diagnosis, while six contained a scanty and eight moderately to abundant cellular component.
Notably, in one of these, cytological smears showed only scattered round to oval cells, some Major pitfalls in the interpretation of aspirates from neurilemoma are spindle cell sarcomas such as leiomyosarcoma (LMS) or MPNST [17] [18] [19] . In the current study two smears were interpreted initially as LMS/suspicted LMS, and another one as spindle cell sarcoma possibly MPNST.
In addition to the patients included in the current study, a review of our records identified five patients having soft tissue tumors diagnosed initially by FNAC as neurilemoma where the histologic diagnosis was sarcoma; three high-grade LMS, one low-grade MPNST and one low-grade fibromyxoid sarcoma (LGFMS).
The cellular variant of neurilemoma is especially difficult to distinguish from low grade malignant MPNST [2] . However, similar to conventional neurilemomas, cellular Reexamination of smears from 2 additional patients with false positive sarcoma diagnoses disclosed sparse aspirates. Both patients were primarily diagnosed at another hospital and cytological slides were sent to our institution for second opinion. Unfortunately, we concurred with the original cytologic interpretation in both cases and the lesions were operated as sarcomas. One of these smears contained only scattered moderately pleomorphic cells containing nuclei with small nucleoli and increased chromatin granulation. A few nuclei were oval and indented, resembling nuclei from LMS [20] . Aspiration smears from the second patient contained clusters of adipose tissue with a partly myxoid background and a scanty admixture of spindle cells. The smear was interpreted as myxoid sarcoma, probably myxoid liposarcoma. In retrospect, we can postulate that the aspirator had missed the lesion and sampled only fat with degenerative changes adjacent to the neoplasm. The diagnostic errors in these two patients were thus due to misinterpretation of inadequate material, emphasizing the need for adequate and representative specimens and adjunctive methods in the cytological evaluation of spindle cell tumors of soft tissue. Another patient in this study was given a cytologic diagnosis of myxoid liposarcoma at another hospital and referred to us for additional examination, to confirm the malignant diagnosis before surgery. Repeated aspiration gave smears interpreted as neurilemoma and immunostains on cytospin preparations showed strong positivity for S-100 protein.
Yet another sarcoma which may be misinterpreted as neurilemoma is monophasic fibrous synovial sarcoma. Aspirates from synovial sarcoma typically reveal an abundance of dispersed cells in addition to cell-tight tissue fragments [22] [23] [24] [25] (Table   5 ).
Conclusion
Considering the implications for the patient when having to choose between surgery and watchful waiting, the cytologic diagnosis of a neurilemoma as simply "benign soft tissue tumor" is not adequate. The precise diagnosis is necessary for correct treatment. When aspirates are scanty, however, neurilemoma should not be suggested and when the microscopic features are not typical, immunocytochemistry is important. A strong and uniform S-100 protein positivity is characteristically seen in aspirates from both conventional and ancient neurilemomas. Tables   Table 1. Overall 
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